Few studies describe the range of signs, symptoms and functional deficits that result from iatrogenic injury to the inferior alveolar and lingual nerves. The aims of the present study were:
To assess the signs, symptoms and • functional problems experienced by patients suffering from non-surgical iatrogenic damage to the inferior alveolar or lingual nerves To identify risk factors associated • with these injuries.
MethoDs subjects
Thirty-three patients referred to the Kings College London specialist nerve injury clinic were identified to have had nerve injury as a result of local anaesthetic administration. Patients who had their symptoms for longer than 6 months were classified as having permanent nerve injury.
assessment
A full history relating to the episode that resulted in nerve damage was recorded for each patient. This included information
introDuCtion
Injuries to the inferior alveolar nerve (IAN) and lingual nerve (LN) can be caused by local analgesic block injections. The estimated incidence ranges between 1:26,762 to 1:800,000. 1,2 Such injuries can result in a variety of symptoms ranging from altered sensation to pain. 3 These symptoms may interfere with many social interactions. 4 Consequently patients suffering such damage report significant reduction in their quality of life and may have associated psychological problems. 5, 6 A recent settlement of over a million dollars (Maine USA) for lingual nerve injury caused by an IAN block highlights the recognition of the associated disability and social repercussions. Objective This study reports the signs and symptoms that are the features of trigeminal nerve injuries caused by local anaesthesia (LA). Methods Thirty-three patients with nerve injury following LA were assessed. All data were analysed using the SPSS statistical programme and Microsoft Excel. Results Lingual nerve injury (LNI; n = 16) and inferior alveolar nerve injury (IANI; n = 17) patients were studied. LNI were more likely to be permanent. Neuropathy was demonstrable in all patients with varying degrees of paraesthesia, dysaesthesia (in the form of burning pain) allodynia and hyperalgesia. All injuries were unilateral. A significantly greater proportion of LNI patients (75%) had received multiple injections, in comparison to IANI patients (41%) (p <0.05). Fifty percent of patients with LNI reported pain on injection. The presenting signs and symptoms of both LNI and IANI included pain. These symptoms of neuropathy were constant in 88% of the IANI group and in 44% of LNI patients. Functional difficulties were different between the LNI and IANI groups, a key difference being the presence of severely altered taste perception in nine patients with LA-induced LNI. Conclusions Chronic pain is often a symptom after local anaesthetic-induced nerve injury. Patients in the study population with lingual nerve injury were significantly more likely to have received multiple injections compared to those with IANI.
regarding whether pain occurred upon injection, the type and volume of local anaesthetic administered, and whether multiple injections were used. Standardised neurosensory tests [8] [9] [10] were carried out to assess the subjective and objective neurosensory status of the injured nerve. All patients were evaluated for pain and functional difficulties.
The lingual nerve dermatome was assessed by evaluating the neuropathic area over the lingual gingivae, dorsal and ventral aspect for the tongue. The inferior alveolar nerve neuropathic area was assessed evaluating the neuropathic area over the extra-oral area (vermillion of lip, skin and chin) and intra-oral area (buccal gingivae and vitality of teeth using ethyl chloride). The area of neuropathy was described as a percentage of the total neural distribution (100%).
Clinical assessment of the neuropathic area carefully excluded injuries caused by endodontics, surgery or implants. IAN or LN neuropathy caused by the LA was identifiable if the whole of the dermatome was affected, since other causes result in partial neuropathy distal to the lesion to nerve. Patients were excluded if 
Presenting symptoms

Pain and altered sensation
The results indicated that significantly more females (n = 15) with nerve injuries experienced pain overall than males (n = 9; p = 0.01). Age did not have any effect on the experience of pain among IANI or LNI patients. Constant pain and altered sensation was the presenting complaint in 88% of patients with IANI and 44% of patients with LNI ( Fig. 1) . Two LNI patients stated pain upon protrusion of the tongue. Other exacerbating factors among the LNI patients included hot foods, highly flavoured foods, mint and citrus flavours, hot temperature and stress.
Despite the presence of pain, 11 IANI and six LNI patients also complained of numbness. Numbness was described by 15 IANI patients in comparison to ten patients with LNI. Slightly more patients with LNI (n = 10) than IANI (n = 9) experienced paraesthesia as tingling and/or 'pins-andneedles' (Fig. 1) .
Functional problems associated with the neuropathy
All but one LNI patients experienced difficulty with eating (Fig. 2a) . Speech problems were reported among ten LNI patients. Six LNI patients reported a significant reduction in pleasure when kissing their partner and one patient reported problems with social confidence. Three LNI patients did not report any problems with their daily function.
In the LNI group six patients reported reduced taste function, two reported absent taste function and one patient had 'tastant as being electric, shooting or stinging in nature. Information regarding the number of patients who had multiple injections was determined from patient notes and by contacting the practitioner. Details concerning the presence of pain upon injection were not available for three LNI patients and five IANI patients.
DisCussion
A number of studies have reported trigeminal nerve injury in relation to local anaesthetic block injections. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The nerve injury may be physical from the needle or chemical from the local anaesthetic solution. The mean age of patients presenting with trigeminal nerve injury in relation to LA in our study was 48 years, similar to that of previous studies. 2, 13 Most of the patients presented with neuropathic pain in relation to their nerve injury.
Studies have reported that 1.3-8.6% of all patients experience an 'electric shock' type sensation during an IAN block. 22 In the present study, 50% of patients reported pain on injection during LA application and this is similar to the 57% of patients suffering from prolonged neuropathy in allodynia' with severe discomfort with any highly flavoured foods. This was reminiscent of gustatory sweating. Although taste alterations were present among nine LNI patients, the number of fungiform papillae reduced in only two of the patients with reduced taste sensation and was normal among the remaining patients.
Despite none of the IANI patients reporting taste problems, these patients had difficulty with eating (n = 9) (Fig. 2b) . Drinking ability was severely affected in 4/17 and moderately in 4/17 IANI patients. Speech was severely affected in 5/17 patients and moderately in one patient. Severe to moderate problems with kissing were reported among five of the 17 IANI patients. Social confidence and tooth brushing were severely affected in 5/17 patients. Five IANI patients reported sleep disturbances predominantly due to mechanical allodynia (pain on touch) awakening them when the neuropathic area was touched by the pillow. Mechanical allodynia also interfered with make-up application (n = 2) and shaving (n = 2) among the IANI patients. Four patients with IANI did not have any functional impairment.
risk factors
Type of local anaesthetic agent
Only 4/16 practitioners who initially treated the patients who presented with LNI provided information regarding the type of injection; two had received 2% lidocaine and two 4% prilocaine. Similarly, information regarding the local anaesthetic was only available for 6/17 IANI patients; three were injected with 2% lidocaine, two with 4% prilocaine, and one followed injection of 4% articaine.
Multiple blocks and pain upon injection
Multiple injections were given to 75% of LNI patients, compared to a significantly lower 41% of IANI patients (Chi-square = 3.86, p <0.05). All multiple injections given to the LNI patients were multiple IAN blocks, as indicated by the patient notes and their practitioner. However, it was not clear whether the multiple injections given to 29% of these IANI patients were multiple IAN blocks. Pain upon injection was reported by 50% of LNI patients and 12% of IANI patients. This pain was described other studies. 2 It should be noted that this is not a specific sign as not all who experience prolonged neuropathy suffer pain during the injection.
It has been suggested that 81% of IAN block nerve injuries resolve at 2 weeks postinjection. In the present study most injuries were permanent but this probably reflects the delayed mean referral of 10 months. Injuries more than 6 months in duration were considered to be permanent.
It has been reported that repeating an inferior alveolar nerve block increases the risk of nerve damage. 2 The results of the present study suggest that this is particularly the case for the LNI as patients suffering this injury were significantly more likely to have received a repeat block compared to those who had IANI. Repeated blocks were most likely necessary because the IAN rather than the LN was not adequately anaesthetised in many of the LNI cases. This would suggest that if the LN is adequately anaesthetised following the first injection, the technique should be modified to avoid trauma to the LN on the second injection. It would also be appropriate to state purely on a statistical basis that there is a greater risk for damage to occur with the greater the number of injections.
There is controversy in the literature as to the effect of local anaesthetic concentration on the production of nerve injury. Certainly increasing the local anaesthetic concentration increases neurotoxicity in vitro. 23 The studies of Haas and Lennon, 1 Hillerup and Jensen 13 and Gaffen and Haas 24 suggest that more concentrated 4% solutions are more likely to produce damage, however others 12, 25 dispute this, pointing out that the nerve most often damaged is the lingual nerve and the solution is more usually deposited closer to the inferior alveolar nerve during an IAN block. Although there are insufficient data in the present study related to the types of LA used in the study population to inform the debate about the effect of concentration, it is apparent from the results that nerve damage is not exclusively caused by higher concentrations of solutions.
An interesting finding from the present study is the relatively high number of IANIs, as studies in North America have shown that lingual nerve injury is normally more apparent after LA-induced damage. 2 It is not clear why this is the case. It might reflect differences in technique between UK and North American dentists such as the use of narrower gauge needles in the UK.
The results of this study show that iatrogenic damage to the inferior alveolar and lingual nerves has serious consequences for the patient. Pain is a major symptom and many important functions such as eating, 26 Indeed, the primary use of such methods might eliminate the need for block anaesthesia completely. Much research is ongoing at present looking at the use of infiltration techniques in the mandible using 4% articaine as an alternative to block anaesthesia. 27 Certainly volunteer studies 28, 29 have shown that an infiltration with 4% articaine can be as effective as an inferior block with 2% lidocaine in providing anaesthesia of the adult mandibular first molar, however there is no evidence as yet that the same occurs in patients. If regional blocks can be avoided then it is reasonable to assume that nerve injury can be eliminated, so endeavours in this regard should be encouraged.
ConClusion
Iatrogenic damage to the inferior alveolar and lingual nerves by LA injections has serious consequences for the patient.
